this by the bodily disturbances we create as an unsoughtfor accompaniment of many of our modern therapies. In effect, an unfortunate by-product of our life-saving and life-prolonging procedure is to create a favourable market for staphylococci. This favourable market is being created in several ways. First, our modern therapies are permitting the survival of people who are less able, in various undefined ways, to cope with bacterial infections. Examples of this sort are the insulin-treated diabetics, the children who have had splenectomies for various haematological disorders, the adults who have had total gastrectomies, and perhaps even some who have had partial pulmonary resections. Second, certain of our commonly used treatments such as cortisone, hydrocortisone and corticotrGphin, the more widely acting antimicrobials, and x-ray irradiation are known to create circumstances which at times facilitate the development of infection. It is conceivable that on certain occasions treatments such as the antihistamines or the anticoagulants might unfavourably influence infection. Finally, in order to manage many of these modern treatments properly, it is necessary to perform venepunctures and skin punctures with unusual frequency on these very patients who for one reason or another are more liable to the development of infection.
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To be sure, this increased congregation of more susceptible hosts in our hospitals is not necessarily the only reason for the apparent increase in staphylococcal infections developing in the hospital. Nevertheless, it does seem to be the principal factor which is different in our situation to-day from that of a decade or so ago. Moreover, if it is happening in the hospitals to-day, it is reasonable to expect that it will happen outside the hospitals in the future as these various forces become active on a wider scale.
If we assume the validity of this analysis, how can the situation be improved ? It would be pointless to think in terms of attempting to oppose many of the forces which are contributing to this situation, because so many of these forces are such notable scientific achievements for the common good. Moreover, as staphylococci are so ubiquitous, an approach based on attempts to eliminate them from the environment would not seem hopeful. In the same way, it does not appear that antimicrobial drugs per se would play an important part. Chemoprophylaxis is a two-edged sword at best. In the present situation, the necessity for protecting the patient for such very long periods against a nsmber of microbial species in addition to staphylococci makes the use of drugs impracticable.
Two approaches exist which seem reasonable. The first is for us all to have a continuing awareness of the fact that our hospitalized patients to-day are on the whole less able to cope with staphylococci than was formerly the case. This means that we should review and probably intensify our aseptic practices not only in the operating-room but especially in connexion with the ordinary " puncture " pro- There is now a great deal of evidence that a high proportion of the staff of many hospitals are nasal carriers of penicillin-resistant Staph. aureus, that they soon acquire them after coming into residence (Barber, Hayhoe, and Whitehead, 1949; Rountree and Barbour, 1951 ; Barber and Burston, 1955) 
Expulsion in Expired Air
In order to study the number of Staph. aureus emitted from the nose, and under what conditions they emerge, experiments were carried out with a thin plastic sheet, holding a culture plate horizontally in such a position that its outer zone was only a few millimetres below the nasal orifice of normal adults. The edge of the plastic was cut away into such a shape that it fitted against the upper lip, and prevented organisms from the mouth reaching the culture medium. Subjects sat upright in an armchair in a laboratory, with as few draughts as possible, and carried out certain standardized activities. At intervals during this process the culture plate was rotated a few degrees, to bring a new area of medium below the nose. After exposure the plates were incubated, and both the total number of colonies and those identified as Staph. aureus were counted.
These experiments were carried out with known carriers of Staph. aureus, and also with individuals from whom this organism had not been obtained on nasal, swabs. The results are given in Table I . Contrary to what might have been supposed, Staph. aureus, even when present, was generally not expelled. Only as a result of " snorting " did large numbers of organisms emerge; if the individual was a carrier a high proportion were Staph. aureus. Snorting is an unusual type of activity which generally occurs into a handkerchief. These results are similar to those obtained by Duguid and Wallace (1948) , and suggest that expulsion in droplets or "droplet nuclei" from the nose is not a very successful method for obtaining the egress of Staph. aureus into the outer world.
Excretion in Faeces
Brodie, Kerr, and Sommerville (1956) have suggested that nasal carriers of Staph. aureus swallow this organism, and have shown that it may reach the faeces, but it is improbable that this is the principal reason for the wide dissemination of staphylococci among hospital staffs.
Outflow in Nasal Discharges
The nasal secretions flow towards the nasal orifice, and eventually reach the skin of the upper lip or face in the liquid condition or as dried crusts. Thence they may be transported by the hands or handkerchief to other parts of the body or to objects in the vicinity. Observation of a group of nine students during a lecture of one hour showed that they touched their mouth or nose on 23, 19, 15, 15, 14, 11, 10, 7 , and 6 separate occasions. Fluorescent patches (in the light of Wood's lamp) could also be detected on the fingers and many areas of the body, desk, etc., if small quantities of the zinc chelate of 8-hydroxyquinoline were previously placed in the nostrils.
To show that Staph. aureus, if present in the nose, may be carried in similar fashion, surveys (using sweep plates for clothing and saline-soaked swabs for skin) were made of healthy individuals working in the hospital. The results are given in Subjects clad only in sterile bathing trunks, btut with a mask over nose and mouth and a sterile cap over the hair, sat still for fifteen minutes in the cubicle while plates were exposed in the four corners. The plates were changed and the subjects then exercised by marking time and waving their arms about for a further fifteen minutes. After incubation, the total number of colonies and of Staph. aureus were counted. The results are given in the first part of Table V. It is evident from this that during exercise some organisms are liberated into the atmosphere from the naked skin, and that if the individual is a carrier Staph. aureus may appear in appreciable numbers.
Staph. aureus may also be liberated into free air in droplets of water in the act of washing. Preliminary experiments showed that the relatively small amount of agitation of the skin and clothing resulting from the motion of the arms did not increase the number of bacteria in the atmosphere to any appreciable extent. But when the hands and arms were washed and scrubbed with toilet soap for five minutes, using clean water in a sterile bowl, the total number of organisms isolated on culture plates standing in the four comers of the cubicle were greatly increased. If the individual was a carrier, a large proportion of the colonies isolated were Staph. aureus (Table VI) . (Green, Challinor, and Duguid, 1945; Bourdillon and Colebrook, 1946; Hare and Mackenzie, 1946; Duguid and Wallace, 1948) The clothing of carriers or non-carriers was accordinglv suspended from a coat-hanger attached to the roof of the experimental cubicle. It was agitated for fifteen minutes by means of strings attached to the elbows of the coat and the knees of the trousers. The cubicle having been aired and its walls wiped down again with antiseptic, the subject then donned his clothes and exercised in it for fifteen minutes.
The number of colonies developing on culture plates exposed during these activities is given in the second half of It is of some importance that the amount of air pollution by Staph. aureus from the clothing carriers, although always greater than that coming from non-carriers, varied considerably. The clothing of the carrier Pri, for example, consistently produced many more staphylococci than that of the other carriers. Indeed, in his case, Staph. aureus accounted for nearly 10% of the total organisms released into the atmosphere.
Phage-typing experiments with the strains isolated when the carrier Ric dressed and undressed in the cubicle showed that type 52/52A/80, which was present in one nostril and widespread on his clothing, was also the predominant type released into the atmosphere. With the carrier Pri, on the other hand, who had type 29 in his nostrils and which was widespread on his clothing, it was found that only a few colonies on the plates belonged to this type. The-majority were type 53, which was also found on some areas of his skin and clothing but which was not found in his nose.
In view of the large number of organisms liberated into free air from the clothes, further investigations were carried out to determine whether carriers wearing the type of clothing usual in operating theatres could contaminate the atmosphere.
Carriers and non-carriers accordingly exercised in the cubicle wearing trousers and shirt, or frock in the case of women, over which was placed a sterile gown with short sleeves, open at the back but secured by a tape round the waist. As will be seen from Table VIII, large numbers of organisms reached the exposed plates. This suggested that the gown conferred very little, if any, protection. For this reason, some of the subjects exercised while wearing their ordinary clothing and no gown. As will be seen from Table  VIII , approximately the same number of organisms were liberated. Thus it must be concluded that the gowns worn by most persons on the floor of an operating theatre do not imprison the organisms on their clothing.
Those nearest to the patient in operating theatres leave their underclothing outside the theatre and wear clean, if not sterile, pyjamas under the gown, thus eliminating the source of some of the airborne organisms. Experiments were therefore carried out in which the subjects wore sterile pyjamas, covered by a sterile gown, and with sterile cap over the hair, mask over the face, and sterile boots on the feet. The results obtained are also given in Table VIII. Fewer organisms were liberated than when the same subjects wore their own underclothing, but it is of some importance that the carrier Pri, to whom atterntion has already been drawn, was still potentially dangerous in that as many as 6.82 Staph. aureus were reaching 1 square foot (930 square cm.) in one minute in his vicinity.
(c) From Bedding
If, as shown in Table III 
. .
---------+ . Six of the infected group and eight of the uninfected were nasal carriers of Staph. aureus, and many of them had this organism on different areas of skin and clothing. Although there was a tendency for the clothing in particular to be more widely contaminated when there was infection as well, it cannot be said that the difference was at all marked. There was much less contamination of the skin and clothing of the two groups who had no Staph. aureus in the nose, and no very definite evidence that the presence of a purulent infection increased this contamination to any extent.
An investigation comparable to the above was also carried out on a series of infants, aged 5-10 days, in a maternity ward. The results were similar-namely, that heavy staphylococcal contamination of the skin, clothes, and bedding occurred to about the same extent with healthy nasal carriers as with babies suffering from some form of sepsis.
Thus, although there is a possibility that Staph. aureus from a septic focus may be more pathogenic than when it is derived from a healthy nasal carrier (Barber and Burston, 1955) , there is no evidence that particularly heavy contamination of the skin and clothing occurs.
Discusion
The results obtained in the experiments reported in this paper confirm those of Duguid and Wallace (1948) , and show that the mechanism by which Staph. aureus is transmitted from the nasal cavity of carriers to other persons is very similar to that suggested for respiratory tract organisms in general by Hare and Mackenzie (1946) .
This mechanism does not depend, primarily, on the expulsion into free air of Staph. aureus in droplets or droplet nuclei coming from the anterior nares, but on outflow of this organism in the nasal secretions on to the upper lip or alae nasi. Its subsequent transfer to other persons then involves three separate and distinct steps.
The first step is the transport of the staphylococci by hands, handkerchief, or any object coming into contact with the nose to the skin, clothing, bedding, and other objects in the immediate vicinity of the carrier. The second step is the release of the organisms into the atmosphere. This may result from friction and dislodgment of dried particles from the skin or hair, from the spattering of water droplets in the act of washing, and from shaking of the clothing during activity. This may obviously occur anywhere in the hospital.
The third step involves the transport of these infected particles by air currents to other individuals in the neighbourhood. In this way the organisms may reach the anterior nares of normal persons to produce the carrier state in them, highly susceptible tissues such as the conjunctiva of the newborn infant, or, as probably occurs in operating theatres, open wounds, to produce, in due course, post-operative infection.
There is evidence that some carriers produce a much greater degree of air contamination in their vicinity from friction and movement of their clothing than do others.
Such a carrier is probably much more dangerous in the hospital environment than is the member of the staff suffering from a minor staphylococcal lesion of the skin.
The application of these results to the prevention of staphylococcal infections in general is outside the scope of this paper, but, whatever alterations in technique be contemplated, cognizance should certainly be taken of the fact that direct expulsion of Staph. aureus into free air in droplets or droplet nuclei from the anterior nares is of much less importance than the almost inevitable presence of this organism on the skin and clothing of carriers, and its release on air-borne particles when the contaminated surfaces are subjected to friction and movement. ating clothes large numbers of Staph. aureus may still be detectable in the surrounding atmosphere. These carriers are probably more dangerous in the hospital environment than the member of the staff suffering from a minor degree of skin sepsis.
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